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ABSTRACT

This research reports the intersexuality of bivalves, such as Crassostrea gigas, Mytilus galloprovincialis,
Rupiditapes philippinarum, Gomphina veneriformis and Barnea davidi discovered during the process of
investigating the ecological health status of coastal waters of Korea. In intersex ovaries, the opposite germ cells
were observed either individually or in groups in the interfollicular space and inside the oogenic follicle. Oocytes in
the intersex testis were at the previtellogenic or initial vitellogenic stage. They were either scattered individually or
in groups in the interfollicular space and inside the spermatogenic follicle. The intersexuality in C. gigas was 10.4%
(n = 19/183), while female (12.2%, n = 6/49) exhibited a higher proportion than male (9.7%, n = 13/134). The
intersexuality in M. galloprovincialis was 31.7% (n = 19/60), while female (36.4%, n = 12/33) exhibited a higher
proportion than male (25.9%, n = 7/27). The intersexuality in R. philippinarum was 11.2% (n = 11/98), while male
(16.7%, n = 7/42) exhibited a higher proportion than female (7.1%, n = 4/56). The intersexuality in G. veneriformis
was 28% (n=30/107), while male (31.5%, n=17/54) exhibited a higher proportion than female (24.5%, n=13/53).
The intersexuality in B. davidi was 18.4% (n = 7/38), while female (35.7%, n =5 /14) exhibited a higher proportion

than male (8.3%, n = 2/24).
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o] A ZAA el Fe3t 9134 g}l (hazard identification),
5Z37} (exposure assessment), -55-11e- 37} (dose-response
assessment) & $J8l|= A4 (risk crharacterization)?] T2 4%
Alelek (NRC, 1983). S  7lell o]&¥+ AEAR
(biomarker) + AEAol| vx]= A 29159 IS =
g v AE B AFES] A, A 2 72 59
AR5 AR Sojolth. AR A AR TR A=)
A AREL SAEA o3 Ar|Ho| 1 A &Hql e H7)
sl F83HA o8+ dEolt) (Huggett et al., 1992).
ojuisiFE2 T2 oAl 23 HolE AF 8, &4
=42 AW F4L golgtAnt Aol 5T ALdWE
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Table 1. Sex ratio of five bivalves species in Korea

Species Sampling location Sag;lzl;ng Number Size (mm) Sex ratio (F:M)
Myodo (Yeosu) July 2009 30 SH 269 mm 1:2.33 (n = 9:21)
Crassostrea gigas Gukdong (Yeosu) May 2010 33 SH 29.7 mm 1:1.36 (n = 14:19)
Punghwari (Tongyeong) June 2009 120 SH 37.1 mm 1:3.62 (n = 26:94)
Mytilus Gueonghodong (Yeosu) May 2010 30 SH 432 mm 1:0.88 (n = 16:14)
galloprovincialis Janggundo (Yeosu) May 2010 30 SH 47.3 mm 1:0.76 (n = 17:13)
Ruditapes Uihangri (Taean) Sep. 2009 59 SL 346 mm 1:0.69 (n = 35:24)
philippinarum Haechang Bay (Goheung) June 2011 39 SL 35.8 mm 1:0.86 (n = 21:18)
Gomphina Hyanghori (Jumunjin) May 2010 57 SL 389 mm 1:1.19 (n = 26:31)
veneriformis Dongdeokri (Jumunjin) June 2010 50 SL 37.6 mm 1:0.85 (n = 27:23)
Barnea davidi Hampyeong Bay (Mooan)  May 2010 38 SL 895 mm 1:1.71 (n = 14:24)

SH: shell height, SL: shell length

o) W) ] aloel AR} S 2 ArelE
AxFow wol AHH L glrt (Siah et al., 2003).
YEu|AAeE2  (endocrine disrupting chemicals:
EDCs) & EAA Az wuta ) QA glon F
2 ehob 59 BN ASEA, 408 2 A% 5
o] AalojAlo] EDCsell Yaljx] dE= ZAes RuEy 9l
t} (Tyler and Routledge, 1998). EDCsoﬂ 9J3} o]mljzl)F-2]
AAAE, Adu] 203, o BAAANE wd
<€ Mya arenaria (Gauthier-Clerc et al., 2002), Dreissena
polymorpha (Quinn 98et al., 2004) o4 HiLEe] gleo
. Scrobicularia plana (Chesman and Langston, 2006)
&} & Gomphina veneriformis (Lee and Park, 2007;
Park, 2008; Ju et al., 2009) oA &= o] AAA| L 15
#42 EDCs? £319% % nonylphenol, 71542} o}l
off 2Jgk Ayrle]ate] A g = AA|Fo] glct

A7 fElvet ek ofufishF A RS Yol
7] 13 3 Foll AFAIFNA 2golA o]ufjslFelA o]
RAAAZ 8 o] HE o] o]F Hustual gt

Fohiis] 413

#A)F (intersex) &

R

Aol AM8-3F & Crassostrea gigase 5 270 2|93 &
a3 17 A Felx] Al on, ASShEx] Mytilus galloprovincialis
= A4 271 A, vA= Ruditapes philippinarum-S- €St
o) e} Jallet st olE Gomphina veneriformis2 5
sfjet A 27 Ao, FFE| 27N Barnea davidi= A&k
grgutell A AFlstaleh A ARl AR i 486710,
25 Adxbe]gln} (Table 1).

AR ANae SAFAE AST F ANt A =
e WA F4E AE38k] Bouin $40% 12-2443F &

O

ob Ao A3l 244847t Bt B2 B A
ot 1 ¥ 43 EeAY Add A3AAE AH gz
2}~ E (Mccormick, USA) o] Zujjslsit}. Tl A5+ vjo]

2% (RM2235, Leica, Germany) & ©|-831 4.6 um FAZ
ALAAS ] 22 FE-S AR & Mayer's hematoxylin-eosin
(H-E) 94& A3l B3kaiv)4 (BX50F4, Olympus, Japan)
o7 WAssck

du)e}l o] AN E e HAke XA 2ARES W
Stel TESIG: SIABAAE 1 WP A T =D o
1em® 2718 2ARE 5-10708 ddez ddspgion, it
o Ao AN} BEEE AeuE 23St F E o]
ARAAAE B dae] xASA FAL F2 Lee et al.
(2010), A53Ex]= Jeon et al. (2013), B}AZ2 Lee et
al. (2010) & Jeon et al. (2015) 2] P& Ju et al.

(2009) ¢] WS 7IE2o® skl

2 =

1. %]

370 Aol ARgk 2o A (k) & AGel e o
27 vepAul, 37 A BEF 5719 wlge] woke) A%
sz e} viA2Re 4 AN BT ] nlgo] =
ot B FEA FrelolA AR A RME 1:1.19%
79 n)go] E9ko) 9 ABoME 1:.0.85F 479
vlgo] Eorow, uteA fAg FEdEAE 1171R
I7e] vlgo] =4 YERITE (Table 1).

2. o] M AN E B A 3 & (intersexuality)
A Aw}, o] A E e Fado] W 71
A

ERLE 2
o Azeld =E GvAEES Gy ey
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Fig. 1. Intersex gonad of Barnea davidi. A and B: Male, C: Female. Oc: oocyte, Of: oogenic follicle, Sd: spermatids, Sf:

spermatogenic follicle.
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Fig. 2. Intersexuality of five bivalves species in Korea

(previtellogenic stage) EX W3HAJA]7]  (initial
vitellogenic stage) ¢ 7] G2AE A} 0|52 &=
o7 AAEY JAY ®E= AAFYAALYE (spermatogenic
follicle) Abolell F-2]x]o] EA3LL 9I3lct (Fig. 1A, B). A
oA ) AAAAE B AL AANE £ AR} TAl2] A2
A EEo] dAEA A (oogenic follicle) W52} 41 o]l
A B e FERle] e FEitt (Fig. 10).

A FA= 2 1837l A o] JAAAE B A =
2 9F 104% (n = 19/183) ik AHEEE A=
12.2% (n = 6/49), T7NM+= 9.7% (n = 13/134) & F715
o} oA A Uyt 2A4F A9 o] AN E KA
NA &L o5 5 dodelM 18.2%= 7FF =shth =
ARG Aol | o] JAANE B A EHES o
BE9} 5 qdgklA ARE ABeldE FHAM Eoke
59 T3k dgke] AEelAE A =9t (Fig. 2).

AgsgalolA o) JPAANE B A FHES oF
31.7% (n = 19/60) o, oI5 AZE Qs A=
ABAE 26.7% (n = 8/30) Fom, FEE ABAE
36.7% (n = 11/30) gtk AEzE HolAE 36.4% (n =

Mytilus galloprovincialis

Ruditapes philippinarum Gomphina veneriformis Barnea davidi

12/33), FARNAE 25.9% (n = 7/27) & $ART} o)A
=7 Yttt (Fig. 2).

upxEt 98 iAol o] JAANE B A EHES
11.2% (n = 11/98) i<, =gt &= AEdA+= 6.8% (n
= 4/59) gom, ATt A 2= <k 18% (n = 7/39) Q)
AR = A 7.1% (n = 4/56), $HANAE 16.7% (n
= 7/42) & F R} A Z9kth 2AA S E Ao w2
OIAANE Hf A EHELE et e} st
AN A geA BT F7eA =9kt (Fig. 2).

HE 107 AT Bh A &S oF
28.0% (n = 30/107) =, A &z g9 F4g
AzolA 2+t 29.8% (n = 17/57) 9+ 26.0% (n = 13/50) &
o AERE A= 24.5% (n = 13/53), FAAAE oF
31.5% (n = 17/54) & R} FH A Egke)y, =A<
W Aol W o] JAAANE B A e 2 A 25
W Boh 7oA =9k (Fig. 2).

S=elzrl 387N o AAAE e 2F 184% (n =
7/38) S, AR YIS 85.7% (n = 5/14), A=
8.3% (n = 2/24) & F7] v]3)) A L53] =9k} (Fig. 2).
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B8] WeSE ARARE 7hee] A, oA
¥ W3 (intersex), imposex, AJAl4 WA 9 52 2o

So AR Je sjelele] ALLEI. olelat
2o 7143 BARAL BRASE HIE 4 9k A
F2A AT 2yE el 78387 ARSIt (Huggett et
al., 1992; Bortone and Davis, 1994; Jobling et al.,
2002; Ju et al., 2009).

FA 249 7k-v skl W AGelEA (EDCs) <
43 B A3} T)es THeEA FATES] AARR
HAE wRAA A BHely Jes HI A
(Iguchi, 1998; 2002; Metrio et al., 2003; Quinn et al.,
2006).

&
i
o}

EDCs+ oluli#h72] “du]s}t A4 e ol 3= 74
<o, e} Saint Lawrence 7 3l7-9] #7154 571 &
2~

27 A GellA Mya arenaria®] 759l 4710 63%
2A)gy R uEQdt (Gagné et al.,  2003).
Nonylphenol g xel we} wpx|gs} gj&2] gn]E W3} A
7t} (Matozzo and Marin, 2005; Lee and Park, 2007).
¥ o A7 27}, nonylphenol, 7154, o}l (Zn) &
5o #7 vlEE S7MIIH, oA HES gt
(Lee and Park, 2007; Park, 2008; Ju et al., 2009).

2 a7 2z, 29 Av) (&) © A wet o2 U

ehgAlnl, 370 Ao} B £ nlgo] okon, AFEA|
o} wpx|Eh 47 AR A GeA 2T e vlge] &
03 dAE 2ok AR o] dk Adn] B dAE ol
AN B 4 ABAP7E fA Sk = (Guo et
al., 1998; Park et al., 2012), ¥}A|2 (Lee et al., 2013), ©i
E (Shin et al., 2014) & A = w]FAAEEA
(sequential hermaphrodite) o]vij=llF ©]|E2& o]E52] Adu]
Errgo] A=l gk ZIA] ol F7 <] 3khA 2l o
g AddA e dfiAe 52 AlF-AQl A7) 283

Sadovy and Shapiro (1987) = A5 oJFolA A2k
z2o] WA e E A “delimited type’Z} “undelimited
type" .2 TRk “delimited type”S AizAT} di
ZAo] AAAe 7 FHE= Feo]H, “undelimited type”
< ArxAn daxAlo] FEET|= AR o]F Aol 2
At EAsHA i ArxA e daxA o] E3E ] 9l
+ eo|t}. 18] Chesman and Langston (2006) 2 ©]
| F-¢l Scrobicularia plana 571914 ovotestis el
NPAAAL B AEE FRAT So} HHAE B2} 5
dAE i
B dFelA vehd o] dAANE I A4S Sadovy

wja rlo

and Shapiro (1987) ¢ 7|Fo2 & o), Arxay} Uiz
o] Z38+% “undelimited type"o|$2™, A} x| A ule}
tih zpol= 919l 2y Chesman and Langston (2006) ©]
AAgE 5A7E B FelE gk

ImposexE B]E3E oM E 2 HA42 EDCsoll 9
gt gkl A EEA o]ujulRel  Scrobicularia plana
(Chesman and Langston, 2006), = (Lee et al., 2010), %
Z3ldx] (Jeon et al., 2013), ¥}A2 (Lee et al., 2010;
Jeon et al., 2015) 282 EZFQl Nucella lapillus
(Gibbs et al., 1988), "l8] Thais clavigera$} T3 1%
T. bronniin (Horiguchi et al., 1994) 128]3 Haliotis
madaka (Horiguchi et al., 2000) ©|A AAlo|ate] 2=
AA = et

el A ofufishF-2o] o] AN T AAFEo] A&H
2 ZuE3 gir) o]mshiie] o] AT B A &
< o5, B, AR 67 AGelA AR e =ZolA < 6-54%
(Lee et al, 2010), o5 7Pt AFdFgA]o 26.4%
(Jeon et al., 2013) &1 o4 57 A|H2] iAo <F
15-81% (Lee et al., 2010) 2 153 it} & dFoAx
ZoAE oF 10.4%, AFHFAIA F 31.7%, wpAZA
11.2%, =EolA oF 28% 28w Tzl oF 18.4%2)
O AANE BAIHA EHES B3k

AellA dsagh oeket ofufsl{o o] dYAAE HEF} o]
Yk Ao delelsS dHs) £ o, ¥ Aol el
5% o|misl o] o] AAANE e #e e ddel oJgk
2o s A=}, shAlnl £ d7+= NRC (1983) A A4
gk A 19-A41e] 934 Eal (hazard identification) THAS]
ATEA & AT Aol dF F2 2449 FF 2 A4
ol #FA Foll WM E F59 A7) Hesi

EDCs?| 9 AEF, 4% 2 A8l we} 2 Aol&
Holn (Niimi, 1983), ¢|2|gt IIEAEL o 284
oz AejA delAe] HFAe] o} wiA| 7k o]F E Hol
AE T3 AAEFo] dold 5 L AsER F3E5= 7
o= HolAae] AgdAl] e oRFEEOIY ATkl
ol & 4 v} (Longnecker et al., 1997; Nilsson,
2000; Safe, 2000).

< ¥E3 ool F= sk ENAlS] HolAelA Fagt

Ags & b ofe} fAAE LR A kAol aTEE F
SEA sFAEA ] B, AR BE W Ak o
A EHelA eyt e ZoF sk
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Aol|A oluishF 5% (=, AFHEA, viAE, HE, T2z
7Ny oA A o] JYAAE S Bl oA
OJAANE e g vl *é-‘ﬂ AR EE] FAEHA
A ek & Abe]olA] ok e Aol Yehv= e
Ak ol JAAAE W ¥ P°1 Z ﬂ!ﬂ JaeolA GEALE
- WEAAA] BE *é A7) @A ol
G507 AAE] JAY BE AAEAAEY Wit &
Afo]ef] Fejz]o] EAEkIL 31314. Zol| A o] AAA
&2 9F 10.4% (n = 19/183) = 7 (9.7%, n = 13/134)
B} o (12.2%, n = 6/49) oA =4 Yepgtl AFse
x]of| A o] A AE WEE&L oF 31.7% (n = 19/60) $om,
71 (25.9%, n = 7/27) 2T} 7 (36.4%, n = 12/33) o)A
A Jeyith wiAE oA E BHES 11.2% (n =
11/98) G=d, 9 (7.1%, n = 4/56) 2ot 71 (16.7%, n
= 7/42) A =Skeh hEQ o] AN E WS oF 28%
m = 30/107) & <P (24 5%, n = 13/53) Bt} $A
(81.5%, n = 17/54) °llA =sxch FFE RNl o] g2 A
¥ HEEL oF 184% (n = 7/38) ﬁ%ﬁl, 7 (8.3%, n =
2/24) o & FR (35.7%, n = 5/14) oA =gt

oL rlo rlo ¥
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